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August 8, 2012

Mr. Ralph Dollhopf

Federal OSC and Incident Commander
U.S. EPA, Region 5

Emergency Response Branch

801 Garfield Avenue, #229

Traverse City, MI 49686

Re:  Net Environmental Benefit Analysis
Enbridge Line 6B MP 608, Marshall, M1 Pipeline Release

Dear Mr. Dollhopf,

Attached is my recommendation for methodologies for performing the Net Environmental
Benefit Analysis (NEBA) to evaluate the potential ecological effects of further oil recovery
operations during the response to the Enbridge Line 6B Oil Spill based on the individual
scientific opinions that | have received. The attached documents represent response to the
Federal On-Scene Coordinator’s (FOSC) Charge No. 2:

2. a) ldentify and evaluate viable procedures for assessing the toxicity of remaining
submerged oil. b) Provide a recommendation for the best procedure to accomplish this
goal.

The attached documents represent my synthesis (as a Scientific Support Coordinator) of the
applicable opinions and recommendations received from individuals involved with the Scientific
Support Coordination Group (SSCG).

The purpose of the attached work was to evaluate the potentially detrimental effects of the
remaining oil, as compared to the potentially detrimental effects from habitat disturbance
associated with oil recovery operations. The attached NEBA process provides a method to rank
the potential impacts from specific submerged oil recovery actions (monitored natural
attenuation, enhanced deposition and recovery, agitation toolbox, dredging/vacuum truck,
dewater/excavate, sweep/push, scraping, and sheen collection) on ecological resources present
within distinct habitats of the Kalamazoo River.

Each individual scientist’s opinion was provided to me based on his or her prior experiences in
addressing issues related to oil spill recovery and potential effects of recovery. Opinions
expressed by individuals from the SSCG and its subgroup are included in the attached
documents, or are otherwise documented in supporting documents maintained in the response
files.
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I recommend adoption of this NEBA process to evaluate the potential effects of further oil
recovery operations from the Kalamazoo River.

Sincerely,

Is/

Faith Fitzpatrick, Ph. D.

Scientific Support Coordinator to the FOSC for Enbridge Line 6B Oil Spill

Research Hydrologist (Fluvial Geomorphology), USGS Wisconsin Water Science Center
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Net Environmental Benefit Analysis (NEBA) Relative Risk Ranking
Conceptual Design

Kalamazoo River System
Enbridge Line 6B MP 608 Marshall, M1 Pipeline Release
August 8, 2012

Scientific Support Coordinator: Faith Fitzpatrick (U.S. Geological Survey)

Lead Contributors: Adriana Bejarano (Research Planning, Inc.), Jacqui Michel (Research
Planning, Inc.), and Lisa Williams (U.S. Fish and Wildlife Service)

Additional Science Support Coordination Group (SSCG) Contributors (alphabetical):
Michael Alexander (Michigan Dept. of Environmental Quality), Dan Capone (Weston
Solutions), James Chapman (U.S. Environmental Protection Agency), Mick DeGraeve (Great
Lakes Environmental Center), Michelle DeLong (Michigan Dept. of Environmental Quality),
and Stephen Hamilton (Michigan State University)

Background and Overview

In January 2012, the Scientific Support and Coordination Group (SSCG) met to discuss potential
processes for developing recommendations and guidance to the U.S. Environmental Protection
Agency’s (EPA) Federal On-Scene Coordinator for Spring 2012 cleanup strategies and endpoints
for the remaining submerged oil and oil-containing sediment in the Kalamazoo River associated
with the July 2010 Enbridge Line 6B oil spill. One of the recommendations from the meeting
was to develop a Net Environmental Benefit Analysis (NEBA) for the residual oil conditions in
the Kalamazoo River as of spring 2012.

A NEBA is useful for weighing the environmental risks associated leaving residual submerged
oil in place and allowing for natural attenuation as opposed to varying levels of physical habitat
disturbance associated with recovery actions such as agitation and dredging. The NEBA
approach was originally developed for remediation and restoration of petroleum-contaminated
sites in marine environments (Efroymson et al., 2003). The first NEBA completed in a
freshwater environment was for planning purposes related to concerns for emergency response
associated with a potential oil spill from a freighter grounded or damaged near Isle Royale
(Rayburn et al., 2004). The NEBA is strictly applicable for determining ecological benefits for
recovery actions and identifying cleanup endpoints, after the human health and safety factors are
accounted for. The NEBA does not encompass other designated uses of a water body, such as
recreational or water withdrawals. The goal becaome to develop a NEBA with existing
information and additional new data expected to be available within a couple of months.

Through a series of conference calls from April through June 2012, individuals of the SSCG
expressed their opinions regarding a NEBA for specific recovery actions associated with the

1



-
<
L
=
-
O
o
(@
L
>
—
- -
o
o
<
<
o
L
2
=

cleanup of the residual submerged oil in the Kalamazoo River using Efroymson et al. (2003) and
Rayburn et al. (2004) as a guide (Figure 1). The first part of the analysis was to map channel and
overbank habitat types in the Kalamazoo River and overlay them with areal delineations of
moderate and heavy submerged oil simultaneously developed by the onsite operations staff using
2011 reassessment data. Cleanup history, large wood removal, and hydrodynamic model results
were used to help visualize the lateral and longitudinal connections among habitat types and
main channel flow and to evaluate risks. Photographs showing the physical effects from 2011
cleanup operations were examined. Data on acute sediment toxicity and chemistry from February
2012 grab ponar grab samples of the channel bottom (Appendix A) were examined by Adriana
Bejarano (RPI) and Mick DeGraeve (GLEC). J. Chapman summarized available literature of
ecological impacts from agitation and dredging (Appendix B). Historical and cleanup turbidity
data were examined by A. Bejarano (Appendix C).

Preliminary risk rankings for each habitat type and recovery option were formulated and
summarized in a matrix and reviewed by individuals in the SSCG for consistency. This
document describes the (NEBA) process used to rank the potential impacts from specific
submerged oil recovery actions (monitored natural attenuation, enhanced deposition, agitation
toolbox, sweep/push collection, dredging/vacuum truck, dewater/excavate, scraping, and sheen
collection) on ecological resources present within eight distinct habitats of the Kalamazoo River.

Habitat Selection and Description

For simplicity, and to avoid redundancy, the NEBA focuses on eight distinct habitats that are
unique in character and structure and have been potentially affected by submerged oil or cleanup
techniques related to submerged oil (Table 1). These eight habitat types form the basis of the
risk-ranking matrix. The habitat types and associated substrates generally reflect hydrologic
lateral and longitudinal connectivity, duration, and proximity to main channel flows.
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Table 1. Eight major habitat types in the Kalamazoo River system’s channel and floodplain
environments that may be affected by residual submerged oil. Percentages are based on the total
channel and floodplain area along the 40 mile reach of the Kalamazoo River affected by
submerged oil from the Talmadge Creek confluence in Marshall, MI to Morrow Lake Dam in

Kalamazoo, MI.

[NEBA habitat types were created from combining geomorphic features previously mapped for the channel (Tetra

Tech Inc., 2011) and overbank (National Wetlands Inventory, U.S. Fish and Wildlife Service, 2012)]

Major Habitat Type

Definition and examples

Percentage of

Data Source

total area

Depositional areas of standing water or 6.8 Tetra Tech

slow moving flow in the Ceresco unpublished

impoundment, Kalamazoo millponds, and geomorphic
Impounded waters and Morrow Lake fan and delta. May include mapping units
associated deltas mu@flats along margins (greas of Io_ose fine-

sediment deposition but little aquatic

vegetation) that become exposed during

low flow. Bottom substrate generally of silt,

clay, and organic matter.

Relatively fast flowing riffles, runs, glides, 14.2 Tetra Tech

thalwegs, and side channels. Includes sandy unpublished

depositional bars such as point bars, side geomorphic
Flowing channels channels, and multi-thread channels in mapping units

deltas with current. Bottom substrate

generally of sand, gravel, cobble, boulder,

or bedrock.

Depositional areas along channel margins 2.2 Tetra Tech

where widening occurs with standing or unpublished

slow-moving water. Includes pools, side geomorphic
Depositional backwaters channels, _meander_cutoffs, and trib_utary mapping units
pools, and side channels' mouths with standing or slow moving water

’ that are connected to the main channel.

May include mudflats during low flow.

Bottom substrate of silt, clay, and organic

matter.

Low-lying depositional features surrounded 0.3 Tetra Tech

by water with various communities of unpublished

forbs, shrubs, and wetland. Above water geomorphic
Bars . . .

during normal flow but lower than the mapping units

floodplain or island elevations. Mainly

found in Morrow Lake delta.

Frequently inundated fens, marshes, wet 6.6 National
Emergent wetlands meadow near the channel margin and in the Wetlands

floodplain with herbaceous vegetation. Inventory

Generally forested area surrounded by 0.9 Tetra Tech
Islands water and at similar elevations as the unpublished

floodplain and forested scrub-shrub geomorphic

wetlands.

mapping units




-
<
L
=
-
O
o
(@
L
>
—
- -
o
o
<
<
o
L
2
=

Major Habitat Type Definition and examples Pi;ig??fe?f Data Source
Features with standing water in overbank 0.7 National
areas related to abandoned channels, Wetlands

Oxbows, meander .
cutoffs, ponds meander cutoffs, oxbows, springfed ponds, Inventory
! flood chutes, and backswamps. Connected
to the main channel only during floods.
Overbank areas with deciduous forest and 39.9 National
Forested scrub-shrub scrub-shrub wetlands subject to seasonal or Wetlands
wetlands temporary flooding. Sometimes saturated. Inventory
Includes ephemeral pools.

The eight major habitat types were condensed from two main sources of data previously
available in a Geographic Information System for the Marshall spill—geomorphic mapping units
created by TetraTech (Tetra Tech, 2012) and the National Wetlands Inventory (U.S. Fish and
Wildlife Service, 2012; http://www.fws.gov/wetlands) (Table 1). Tetra Tech’s geomorphic
mapping units were compiled for the riverine part of the Kalamazoo River from the Talmadge
Creek confluence to the Morrow Lake dam based on interpretations from Fall 2011 core
descriptions, water depth and bottom substrates recorded as part of submerged oil poling
assessments, and 2011 aerial photography. The National Wetlands Inventory mapping units were
limited to the floodplain of the Kalamazoo River by clipping the larger coverage of the Inventory
to the 100-year flood inundation extent generated by the HEC-RAS (Hydrologic Engineering
Center- River Analysis System) computer model.

Species of Concern in the Kalamazoo River System

The applicability of the NEBA is dependent on identifying the primary species of concern in
each major habitat type. The primary species of concern in the Kalamazoo River system
encompass a variety of biological components. Representative and example species listed in
Table 2 are included because of their abundance or susceptibility to submerged oil or possible
recovery techniques. The list is not exhaustive and is included primarily as an aid to visualizing
potential impacts. All potential life stages were considered, although the amount of information
on habitat usage is highly variable, especially for larval and juvenile stages. For a more complete
description of species and biological communities see Wesley (2005).

The most sensitive species or species group in terms of expected recovery time or degree of
resource impact was used to determine the NEBA risk ranking for each habitat type and
proposed recovery action. For amphibians and reptiles, multiple species of turtles were usually
considered the most sensitive because of their long life histories and slow reproductive rates.
Their habitat requirements vary among the species (see http://www.michigan.gov/dnr/0,4570,7-
153-10370 12145 12201-60656--,00.html). Turtles were especially abundant in the Kalamazoo
River because of the diversity of riverine, wetland, and standing water habitats and included
common map, snapping, eastern spiny softshell, painted, musk, Blanding’s, eastern box, and
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spotted. For benthic invertebrates, freshwater mussels were usually considered the species group
likely to have the longest recovery times, again because they are long-lived and have low
reproductive rates. Mussel beds were very common along this section of the Kalamazoo River,
with common species including mucket, spike, Wabash pigtoe, pocketbook, and white
heelsplitter (Badra, 2011). No federally listed mussel species were observed in a survey
conducted in the fall of 2010, but species listed by the State of Michigan were observed: one
species listed as endangered (slippershell), one as threatened (eastern pondmussel), and five as
species of special concern (Badra, 2011).

Many mammal and bird species use the riparian corridor of the Kalamazoo River system because
of the diversity of riverine and wetland habitats in its extensive floodplain. The Indiana bat, a
federal endangered species, is considered to be present in the Kalamazoo watershed. The Indiana
bat may feed on emerging aquatic insects and thus could be indirectly impacted by reductions in
populations of benthic invertebrates. At this point, direct effects on the Indiana bat are likely
limited to the small potential for ingesting sheen when drinking from the water surface while in
flight and the more serious concern of death, injury or displacement if any roosting trees were to
be cut as part of future response actions.

Table 2. Representative and example species for major habitat types in the Kalamazoo River
system’s channel and floodplain environments.

. . Mammals and Amphibians Fish and
Major Habitat Type Plants . :
J yp Birds and Reptiles Invertebrates
muskrat, raccoon, snapping, smallmouth bass,
- trumpeter swan, ducks & eastern spiny bluegill, channel catfish,
water-lilies, blue h sishell hi h i
arrowhead geese, great blue heron, softshell, shiners, northern pike,
Impounded waters ' spotted sandpipers, tree common map some mussels, crayfish

and associated deltas

pondweeds, wild
celery, coontail, and
watermilfoil

swallows, cedar
waxwings, red-winged
blackbirds, yellow
warblers

turtles; northern
water snakes,
green frogs

Flowing channels

pondweeds, wild
celery

muskrat, beaver,
raccoon, ducks & geese,
great blue heron, spotted
sandpipers, belted
kingfishers, tree
swallows, cedar
waxwings, red-winged
blackbirds, yellow
warblers

snapping,
gastern spiny
softshell,
common map
turtles; northern
water snakes,
green frogs

smallmouth and rock
bass, bluegill, shiners,
white sucker, golden
redhorse, mussels,
crayfish, mayflies,
caddisflies, stoneflies

Depositional
backwaters, pools,
and side channels

water-lilies,
pondweeds, wild
celery, duckweed,
filamentous algae

muskrat, beaver,
raccoon, ducks & geese,
great blue heron, spotted
sandpipers, belted
kingfishers, tree
swallows, cedar
waxwings, red-winged
blackbirds, yellow
warblers

common map,
painted and
Blanding’s
turtles; green
frogs

bluegill, black crappie,
largemouth bass, creek
chub, spotted sucker,
bowfin, amphipods,
mosquitoes, beetle
larvae, mayflies,
crayfish
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. . Mammals and Amphibians Fish and
MLEJJOIF IRRleTET Ui FEE Birds and Reptiles Invertebrates
muskrat, beaver, occasional dragonflies and

Bars

cardinal flower,
purple loosestrife,
willows,
cottonwood
seedlings

raccoon, ducks & geese,

great blue heron, spotted
sandpipers, killdeer,

belted kingfishers, tree

swallows, cedar

waxwings, red-winged

blackbirds, yellow
warblers

turtles (basking),
green frogs

damselflies, butterflies
and moths, beetles,
spiders

Emergent wetlands

sedges, rushes,
cattails, arrowhead,
pickerel weed,
purple loosestrife,
buttercup, great blue
lobelia

muskrat, raccoon, ducks
& geese, great blue
heron, Virginia rail,

belted kingfishers, tree

swallows, cedar

waxwings, red-winged

blackbirds, yellow
warblers

painted,
Blanding’s and
spotted turtles;
green frogs,
leopard frogs,
western chorus
frogs, spring
peepers, garter
snakes

juvenile sunfish &
largemouth bass, johnny
darters, mudminnows,
white sucker along the
edge, dragonflies and
damselflies, butterflies
and moths, leeches,
mosquitoes and other
dipterans, chironomids,
isopods, spiders

cattails, purple

muskrat, beaver,
raccoon, ducks & geese,
great blue heron, spotted

may have turtle
nests (especially
in sandy soils),

dragonflies and
damselflies, butterflies
and moths, beetles,

loosestrife, sandpipers, killdeer, green frogs spiders
Islands arrowhead, willows, | belted kingfishers, tree
silver maple, swallows, cedar
cottonwood waxwings, red-winged
blackbirds, yellow
warblers
muskrat, beaver, common map, mudminnows, brook
raccoon, ducks & geese, painted and stickleback, bluntnose
great blue heron, spotted Blanding’s minnow, amphipods,
Oxbows. meander water-lilies, sandpipers: killdeer, turtles; green, mosquitoes, crayfish
! duckweed, belted kingfishers, tree leopard and
cutoffs, ponds filamentous algae swallows, cedar wood frogs;

waxwings, red-winged
blackbirds, yellow
warblers

salamanders

Forested and scrub-
shrub wetlands

silver maple,
(dying) ash species,
American elm,
buttonbush,
dogwood,
elderberry,
jewelweed, nettles,
blue flag, ferns,
boneset

beaver, raccoon, mice
and shrews, Indiana bat,
green herons, wood
ducks, red-bellied
woodpeckers, cedar
waxwings, yellow
warblers

eastern box and
Blanding’s
turtles, spring
peepers, wood
frogs, gray
treefrogs,
salamanders

amphipods, mosquitoes
and other dipterans,
crayfish, spiders
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Impacts of Submerged Oil Recovery Actions

Within each of these distinct habitats, resources may be impacted by eight recovery actions
(Table 3) via five general pathway mechanisms (Table 4). Agitation toolbox was the primary
means of liberating the oil from the sediment in 2011 cleanup operations. A large area of the
Kalamazoo River was affected by agitation; some areas were agitated multiple times over the
summer and fall of 2011. The sediment plumes from agitation were extensive, as shown in
Figure 2.

Figure 2. Examples of agitation toolbox techniques used in the Kalamazoo River in the summer
of 2011 for liberation of submerged oil from bottom sediment: A. Ceresco impoundment, B.
Morrow Lake [Photos by Matthew Haak]

A. Ceresco impoundment

o — /
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B. Morrow Lake

Table 3. Eight major recovery actions under consideration for 2012 cleanup activities for the

Kalamazoo River system.

Recovery Action

Description

Monitored natural
attenuation

Requires no active recovery but relies on natural attenuation and
biodegradation. Unknown effects from oil toxicity and smothering.
Unknown rates of biodegradation and weathering.

Enhanced deposition
and recovery

Used in depositional areas where submerged oil is allowed to
accumulate naturally or enhanced through placement of structures.
Increased monitoring is done with poling assessments and
sedimentation samplers. Dredging/hydrovac is likely done once after
accumulation reaches desired amount. May need repeated dredging
into the future, as needed; maybe about every 6 months in some
places or after a flood.

Agitation toolbox

Used in depositional areas, various mechanical devices are used to
agitate the surface including jets, chain drag, and rototiller. Involves
removing aquatic vegetation and large wood in shallow areas before
application. Typically disturbs the top 1-2 ft of material, depending on
the thickness and water content of soft sediment. Involves heavy
airboat traffic (noise and bank erosion) for agitation and associated
sweeping. Oil/sediment plume affects turbidity and smothering to
downstream areas.

Dredging/vacuum

Used in depositional areas, dredging or vacuum removal likely
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Recovery Action

Description

truck

performed once or as needed. Typically removes top 0.5 to 2 ft of
material. Most aquatic vegetation and roots removed.

Used in shallow water or frequently inundated areas near channel

Dewater/excavate . . :
margins, wetlands, and floodplain environments.
Sweep/push by agitation toolbox of areas within the main river
Sweep/push cha_nnel, with rempbilization of oiled sediments to dowr]stream
sediment traps or impoundments. Uses hydrovac, dredging, or
agitation toolbox for removal.
Scraping Scraping is limited to the surface layer (<6 in) only during low water

events (summer). Usually in mudflat areas with limited vegetation.

Sheen collection

boats.

Passive sorbents deployed by staking on bank/anchoring in water.
May employ multiple types and arrangement of boom, some specific
for sheen more so than oil droplets. Some done by sheen sweeping

The overall risk of exposure/impact to a particular resource from each of these pathways is a
function of the magnitude of impacts and the recovery of that resource to baseline/reference
levels (Table 4). The magnitude of impacts may vary from low to very high (Table 5), whereas
the length of recovery may vary from very short to long (Table 6). Because multiple pathways
may simultaneously impact a single resource, the Relative Risk Ranking of the overall impact of
specific oil recovery actions focuses on the most detrimental pathway mechanism(s). The final
Relative Risk Ranking may range from low impacts with very short-term recovery (4D) to very
high impacts with long recovery (1A) (Table 7).

Table 4. Potential exposure/impact pathways.

impacts associated with boat traffic,
sediment smothering, bank erosion,

habitat disturbance

Exposure Pathway Example Source Pagg\é\;ay
Inhalation/ingestion of whole oil
AQUEOUS EXDOSUTe droplets, dissolved components, or Globules, sheens, 1
a P suspended particulates (e.g., flakes) | dissolved oil, flakes
in the water column
. Exposure to oil globule_s n Oiled sediments,
Sediment Exposure | sediments or residual oil in : . 2
. macro/micro pore oil
sediments
Physical Trauma Tra{“p"”g’ mechanlcal Impact from Mechanical stressors 3
equipment, impacts from removal
. Submerged globules,
Physical . e
7. . Direct contact with oil/oil residues surface mats and 4
Oiling/Smothering . .
patties on sediments
Food web, ingestion of
contaminated food, increased water .
. e : Contaminated food,
Indirect column turbidity, increased noise, 5

9
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Exposure Pathway Example S Pzatg:;\;ay
loss/displacement of prey

Exposure does not A

occur

Table 5. Anticipated degree of resource impact relative to baseline/reference levels.

Categories Estimated Igvel of impact relative Score
to baseline/reference (%)
Low 0-10 D
Moderate 10-30 C
High 30-60 B
Very High >60 A
Table 6. Anticipated length of recovery to baseline/reference levels.
Categories Estimated length of recovery Score
(years)
Very short-term <1 year 4
Short-term 1-3 3
Intermediate-term 3-7 2
Long-term >7, does not recover 1

Table 7. Relative Risk Ranking Matrix used for the Kalamazoo River based on Tables 5 and 6.

Supporting Information

Length of Recovery
Very short-term| Short-term | Intermediate-term| Long-term
Degree Low 4D 3D 2D 1D
of Moderate 4C 3C 2C
resource High 4B 3B
impact | very High 4A

As part of the NEBA process, supporting data were gathered, interpreted, and synthesized for
three important aspects of recovery actions related to submerged oil: (1) acute sediment toxicity
tests for oiled sediment (Appendix A), (2) ecological effects from agitation (Appendix B), and

(3) turbidity associated with 2011 cl

eanup activities (Appendix C).

Association between Aquatic Toxicity Results and Sediment Characteristics: Impacts to
aquatic organisms from sediment toxicity were assessed in laboratory acute toxicity studies of
seven sediment samples collected from oil-impacted backwater habitats along the Kalamazoo
River in February 2012 (Appendix A). Potential adverse acute and chronic effects to benthic

10
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organisms also were evaluated using the Equilibrium Sediment Benchmark Toxic Unit Approach
for coexisting PAH data from the same samples. Sediment from two heavily oiled sites and one
lightly oiled site may pose acute and chronic risks to benthic fauna. However, analysis of the
toxicity results in the context of several sediment characteristics (chemical and physical) showed
that variables other than those related to oil residues from the Enbridge Line 6B oil spill may
have influenced survival. Therefore, based on a relatively small sample size, it is difficult to
determine with certainty if the observed biological effects were conclusively the result of the
presence of residual oil from the Enbridge Line 6B oil spill. On the other hand, based on the
weight of evidence approach and additional risk metrics, it is possible to conclude that residual
oil from the Enbridge Line 6B oil spill, particularly in heavily oiled areas, may pose some risks
to benthic receptors. Chronic effects from residual oil still remain largely unknown.

Potential Ecological Effects of Sediment Agitation: Results of a literature review (Appendix
B) indicate that potential ecological effects from sediment agitation are primarily from direct
mortality from physical trauma and indirect mortality from burial and turbidity, and secondarily
from dissolved oxygen depletion and potential release of toxic chemicals to the water column.
Based on the review, the agitation toolbox techniques used for submerged oil recovery in the
Kalamazoo River potentially result in lethal impacts on benthic invertebrates, eggs, and larvae of
bivalves and fish, and aquatic macrophytes. Direct adverse effects on adult fish are unlikely
because of their ability to move away from oil recovery locations. The most severe damage is
likely associated with direct physical trauma of the agitation itself; however, burial, smothering,
and abrasion of gills or eggs by suspended sediment and turbidity-related light attenuation may
also be significant depending on the spatial and temporal scale of the disturbances. Removal of
large wood associated with preparing a site for agitation may also affect benthic communities.
The severity of the effects and recovery time is greater for large areas with repeated agitation
compared to small areas with one disturbance. The rate of recovery is also dependent on
proximity of refuges for potential recolonizers and location relative to streamflow.

Potential Ecological Effects of Increased Turbidity from Sediment Agitation: Impacts to
aquatic organisms from increased turbidity were assessed by comparing field turbidity
measurements with values associated with biological responses (Appendix C). Review of these
results showed that, under assumptions of worst- case exposure scenarios, increased turbidity
from use of the agitation toolbox response methods in the Kalamazoo River may pose moderate
(sublethal) effects to juvenile and adult fish species. Severe (paralethal/lethal) effects are not
likely to occur during typical turbidity levels created by sediment agitation, even over extended
periods of agitation (days/weeks).

11
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Assumptions Used in Relative Risk Ranking

Several assumptions were made in determining the rankings for the impact of recovery actions
on resources within a given habitat:

Rankings are based on the current knowledge of the degree of oiling in each habitat type
in the fall of 2011 and continued into spring 2012.

In general, less physical perturbation to the environment is expected than in previous
years because boat operations will be reduced and controlled more than previously and
the overall intensity of cleanup activities is expected to be less.

The magnitude of impacts of recovery actions is based on the expected footprint of the
recovery action being evaluated:

o0 Enhanced deposition with subsequent removal is ranked the same or similarly to
dredging, even though it might affect a smaller area of the entire site if selected
over dredging in a given reach.

0 The expected footprint of the recovery action was assumed to be on the order of
0.1 to 5 acres per non-contiguous application. Areas much smaller or larger than
this would likely decrease or increase, respectively, the magnitude of the impact
and the recovery time from it. In particular, the sweep-push recovery action would
have the potential to impact large areas through agitation and turbidity plus
smaller areas where periodic removal would occur.

Within a resource group, rankings are based on aquatic organisms likely to be impacted
by the greatest magnitude and length of recovery. For example, for recovery actions
involving dredging, the magnitude of impacts to benthic invertebrate may be fairly
uniformly severe, but aquatic insect larval communities with annual life cycles will
recovery much more quickly than freshwater mussels that live for decades and may only
successfully reproduce in one year out of ten. Thus, in habitats with mussels, recovery
times for invertebrates are based on recovery times for this species group.

Recovery times are based on the time from the end of the 2012 season assuming no
subsequent disturbances from recovery actions, but the areas in which recovery actions
(other than natural recovery) are expected to occur are assumed to have already
undergone up to two years of previous recovery actions. This is important for fish, for
example, because the impact of the loss of reproduction for three years in a row will have
a longer and greater impact on the fish population than the loss of a single year class.

In habitats dominated by vegetation, recovery times of resources dependent on plants for
food and structure are assumed to be at least as long as for the plant community.

Impacts to aquatic organisms from toxicity of oil constituents that might be mobilized by
sediment agitation were not determined directly, as chemical concentrations were not
measured in areas being actively agitated. Based on chemical concentrations measured in
the water column of the Kalamazoo River generally over the course of the response, the
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magnitude and spatial extent of this impact may be similar to that of the turbidity itself.
Based on preliminary data on chemical characterization and biodegradation, the released
oil appears to be weathering and toxicity may decrease to some extent over time.

e The NEBA is an iterative process and rankings may be updated in the future as more data
are gathered from continued and ongoing assessments.

Relative Risk Matrix

The following tables provide a draft ranking of the impacts from each oil recovery actions on
resources within each distinct habitat. These rankings are the result of a series in depth
discussions by individuals on the SSCG on the potential effects of each of the recovery options
on specific resource categories in the eight habitat types. For each resource category, risk
rankings were determined based on potential damages to the most sensitive organisms that would
have the longest recovery time and highest degree of resource impact (largest area of
disturbance). Within each of the distinct habitats, resources may be impacted by recovery actions
via eight general pathways. The exposure pathway considered to be the most detrimental is
shaded and bolded within the tables. Assumptions and definitions specific to each habitat type
are listed with the table for that habitat type. Supporting documentation for the tables is found in
the appendices. The appendices include a preliminary analysis of existing chemistry and toxicity
evaluation, a literature review on sediment effects from dredging and agitation, and a preliminary
analysis of turbidity data associated with Kalamazoo River recovery operations in 2010-2011. A
complete compilation of the NEBA relative risk rankings in one table is available at the end of
the section.
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Habitat: Impounded waters and associated deltas

General assumptions:
e Assume significant amounts of submerged oil within these habitats and thus most likely to
have the most intensive oil cleanup/recovery activity
e High rates of sedimentation and potential oil burial over time, which may slow degradation of

oil residues
¢ Influenced by oil recovery activities upstream because these habitats trap sediment moving
downstream
REOUITES Pathway | Risk
Category Code(s) | Rank* Comments
Recovery Action: Monitored Natural Attenuation
Plants 124 AD Plants may be coated with oil residues mobilized by natural
processes.
Mammals (e.g., raccoons) may dig for food in oiled
sediments and become directly oiled and/or facilitating the
resuspension of residues into the water surface, and
Mammals 1245 4p | 'ncreasing the likelihood of oiling of fur. No obviously

oiled mammals were observed in 2011, and the
significantly oiled areas remaining likely comprise a small
fraction of their home range; therefore, their likelihood of
exposure may be relatively low.

Birds (e.g., wood duck) may have similar exposure routes
Birds 1,2,4,5 4D | as mammals. The main exposure pathway is likely via
feather coating.

Exposure to oiled sediment is the main source of concern.
This resource is relatively sensitive to oil exposure, and
potential chronic/sublethal effects may occur. Based on
analysis of toxicity test results and analytical chemistry,
toxicity from exposure to residual oil, particularly in
heavily oiled areas, cannot be conclusively ruled out
(Appendix A). Turtles are of special concern in that they
take a long time to reach maturity (4-20 years) and have
long life spans. A significant habitat for these species,
especially eastern spiny softshell turtle.

Amphibians/

- 1,2,4,5 3C
reptiles

The main resources of concern are demersal species and
demersal eggs as they are directly associated with
potentially oiled sediments. In the absence of submerged
oil removal, impacts may result from direct contact with
oil/oiled sediments. Based on analysis of toxicity test
results and analytical chemistry, toxicity from exposure to
residual oil, particularly in heavily oiled areas, cannot be
conclusively ruled out (Appendix A).

Fish 1,2,4,5 3C
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Resource

Pathway

Risk

Category Code(s) | Rank* Comments
The main resources of concern are benthic macrofauna
(e.g., amphipods) and mussels. Similar assessments as
those for fish. Upstream sources of recruitment would
Invertebrates | 1245 3C speed recovery once sediments de-toxify. Based on

analysis of toxicity test results and analytical chemistry,
toxicity from exposure to residual oil, particularly in
heavily oiled areas, cannot be conclusively ruled out
(Appendix A).

Recovery Action:

Enhanced Deposition Including Removal (e.g., dredging)

Plants

1,234,5

3B

Assumes extensive removal of plants from the habitat prior
treatment. Recovery depends on the time required to fill
excavation plus the time need to re-establish in the
sediment bed. Footprint of follow-up enhanced deposition
less than for 2011 agitation and dredging footprint.

Mammals

1,245

4D

Increased likelihood of exposure to residual oil in
deposition areas prior to removal. Habitant disturbance and
loss of habitat use will likely occur during removal, but this
is expected to occur in a relatively small portion of any
given home range. Need information on mammal use of
this habitat, relative to the entire river/floodplain.

Birds

1,2,4,5

4D

Amphibians/
reptiles

1,23,4,5

Increased likelihood of exposure to residual oil in
deposition areas prior to removal. Habitant disturbance and
loss of habitat use will likely occur during removal, but this
is expected to occur in a relatively small portion of any
given home range.

Fish

1,23,4,5

There is a higher degree of resource impact assuming that
removal of oiled sediment incidentally removes animals.
Degradation of habitat (e.g., depth, grain size) is expected.
Turtle habitat impacted by removal of oiled sediments.

Invertebrates

1,2,3,45

The main resources of concern are demersal species and
demersal eggs. Increased likelihood of exposure to residual
oil in deposition areas prior to removal. Degradation of
habitat resulting from removal of plants, which provide
shelter, and removal of prey by dredging. Mobile life
stages may escape injury during removal. These
populations likely recover after disturbance cessation by
influx of organisms from upstream sources to cleaner
substrate.

Increased likelihood of exposure to residual oil in
deposition areas prior to removal, and potential changes in
sediment quality and sediment properties. Most
invertebrates may not be mobile enough to escape injury

15
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Resource
Category

Pathway
Code(s)

Risk
Rank*

Comments

during removal. These communities recover after
disturbance cessation due to influx from upstream sources
to cleaner substrate, but full recovery dependent of return
of organic matter and other food items to the substrate.
Mussels are the resource of concern, especially in deltas,
because they will re-colonize areas slowly and only if
sediment stability and appropriate flows are restored. They
drive the recovery rate.

Recovery Action: Agitation Toolbox

Plants

1,2,3,4

Assumes extensive removal of plants from the habitat prior
treatment. Localized sediment/habitat disturbance. Very
3B | high level of impacts may occur as the indirect effects of
agitation likely cover areas beyond the footprint of the
agitation site.

Mammals

1,2,4,5

Coating of fur may occur as agitation facilitates the
4D | distribution of globules/sheens on the water surface and in
the water column. Mammals likely avoid work areas.

Birds

1,2,4,5

Coating of feathers may occur as agitation facilitates the
distribution of globules/sheens on the water surface and in
the water column. Indirect effects may occur from

4D | increased suspended solids in the water column limiting
capture of prey. Birds likely avoid work areas. Birds use a
variety of habitats and locations, minimizing the impacts
associated with agitation.

Amphibians/
reptiles

1,2,3,45

These resources likely avoid work areas, but direct impacts
may occur from physical trauma. Major effects on turtle
food source, hiding, and hibernation, especially eastern
spiny softshell turtle, which drives the recovery rate.

Fish

1,2,3,45

Eggs and less mobile fish species may be more severely
impacted by physical trauma and indirect impacts (e.g.,
sediment smothering, turbidity; see Literature Review in
Appendix B). Adults may be more impacted by exposure to
oil residues mobilized into the water column by agitation.
Ongoing investigations associated of agitation toolbox
effects and efficacy may be used to reassess these
evaluations.

Invertebrates

1,23,4,5

The main resources of concern are benthic macrofauna,
which may be more impacted by physical trauma and
indirect impacts (e.g., sediment smothering). Mussels are
the resource of concern, especially in deltas, because they
will re-colonize areas slowly and only if sediment stability
and appropriate flows are restored. They drive the recovery
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Resource
Category

Pathway

Code(s)

Risk
Rank*

Comments

rate. This assumption is supported by the information
provided in Appendix B. Ongoing investigations associated
with Charge 4 may be used to reassess these evaluations.

Recovery Action: Dredging/Vacuum Truck®

Plants

3,5

3B

Similar to Enhanced Deposition, then removal. Assumes
extensive removal of plants from the habitat prior
treatment. Recovery depends on the time required to fill
excavation plus the time need to re-establish in the
sediment bed. Need information on the scale of enhanced
deposition (i.e., fraction of habitat affected.

Mammals

4D

The main impacts on mammals likely result from
loss/displacement of food resources. Animals may partially
compensate from resources in other areas.

Birds

4D

Amphibians/
reptiles

3,5

Fish

3,5

Invertebrates

3,5

The main impacts on birds likely result from
loss/displacement of food resources. Animals may partially
compensate from resources in other areas.

Direct impacts may occur from physical trauma/removal.
Benthic food web resources may also be impacted,
requiring longer recovery. Effects on turtle food source,
hiding, and hibernation, especially spiny softshell turtle.

Eggs and less mobile fish species may be more severely
impacted by physical trauma. Adults may be more severely
impacted by loss/displacement of food resources. This
assumption is supported by the information provided in
Appendix B. Ongoing investigations associated with
Charge 4 may be used to reassess these evaluations.

Similar to Enhanced Deposition, then removal. This
community may be more impacted by physical trauma/
removal and various indirect effects. These communities
recover after disturbance cessation due to influx from
upstream sources to cleaner substrate, but full recovery
dependent of return of organic matter and other food items
to the substrate. Mussels are the resource of concern,
especially in deltas, because they will re-colonize areas
slowly and only if sediment stability and appropriate flows
are restored. They drive the recovery rate. This assumption
is supported by the information provided in Appendix B.
Ongoing investigations associated with Charge 4 may be
used to reassess these evaluations.

Recovery Action: Dewater/ Excavate®

Plants

NA

NA

Mammals

NA

NA

17




-
<
L
=
-
O
o
(@
L
>
—
- -
O
o 4
<
<
o
Ll
2
=

Resource

Pathway | Risk
Category Code(s) | Rank* Comments
Birds NA NA
Amphlblans/ NA NA
reptiles
Fish NA NA
Invertebrates NA NA

Recovery Action: Sweep/push

with agitation to sediment traps followed by recovery

Plants

2,45

3B

SAV may be affected by high turbidity and smothered with
resuspended material. No effort made to control turbidity
during the push phase of treatment. Similar to Agitation
Toolbox effects.

Mammals

1,45

4D

Increased likelihood of exposure to residual oil in
deposition areas. Temporary habitant disturbance and loss
of habitat use. Similar to Agitation Toolbox effects.

Birds

145

4D

Amphibians/
reptiles

1,2,4,5

Fish

1,2,4,5

Invertebrates

1,2,4,5

Increased likelihood of exposure to residual oil in
deposition areas. Temporary habitant disturbance and loss

of habitat use. Similar to Agitation Toolbox effects.

Increased likelihood of exposure to residual oil in
deposition areas. Temporary habitant disturbance and loss
of habitat use. Similar to Agitation Toolbox effects, but
there may be additional short-term impacts due to turbidity
during the push phase of treatment.

The main resources of concern are demersal species and
demersal eggs. Increased likelihood of exposure to residual
oil in deposition areas and increased bioavailability of oil
in the water column. Mobile life stages may escape
increased risk of exposure. These populations likely
recover after disturbance cessation by influx of organisms
from upstream sources. Similar to Agitation Toolbox
effects, but there may be additional short-term impacts due
to turbidity during the push phase of treatment.

Increased likelihood of exposure to residual oil in
deposition areas and increased bioavailability of oil in the
water column. Mobile life stages may escape increased risk
of exposure. These populations likely recover after
disturbance cessation by influx of organisms from
upstream sources. Similar to Agitation Toolbox effects, but
there may be additional short-term impacts due to turbidity
during the push phase of treatment. Mussels are the
resource of concern, especially in deltas, because they will
re-colonize areas slowly and only if sediment stability and
appropriate flows are restored. They drive the recovery
rate.
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Resource

Pathway

Risk

Category Code(s) | Rank* Comments
Recovery Action: Scraping
Mudflats in this habitat may have limited vegetation.
Surface scraping may not remove deep roots or remove all
Plants 3,5 4C L i o
vegetation; therefore, recovery will take place within a
year.
5 Temporary habitant disturbance and loss of habitat use.
Mammals 4D - . . .
Mammals will likely avoid the area during operations.
5 Temporary habitant disturbance and loss of habitat use.
Birds 4D | Birds may be impacted by removal of food (invertebrates)
and will likely avoid the area during operations.
Amphibians/ 35 AC Physical removal of less mobile species. Rapid recovery
reptiles ’ from upstream sources.
. Rapid recovery of any prey removed during scraping from
Fish 5 4D
upstream sources.
Physical removal of surface invertebrates. Rapid recovery
Invertebrates 3,5 4C | of any prey removed during scraping from upstream
sources.
Recovery Action: Sheen collection
5 4D | Physical damage from repeated anchoring and staking of
Plants :
sorbents and sorbent maintenance.
5 4D | Physical disturbance of habitat use in work areas.
Mammals - . . .
Mammals will likely avoid the area during operations.
. 5 4D | Physical disturbance of habitat use in work areas. Birds
Birds A . . .
will likely avoid the area during operations.
Amphibians/ 5 4D | Physical damage from repeated anchoring and staking of
reptiles sorbents and sorbent maintenance.
5 4D | Physical disturbance of habitat use in work areas. Fish will
Fish likely avoid the area during operations. Bottom disturbance
by boat traffic in shallow water.
5 4D | Physical disturbance of habitat use in work areas. Fish will
Invertebrates likely avoid the area during operations. Bottom disturbance

by boat traffic in shallow water.

* Based on the most detrimental pathway mechanism (in bold/shaded).

! Assuming dredging of contaminated sediments in lakes. Assumed to be large scale, and assumed good
control of contaminated sediment and water. Vacuum truck is unlikely to be used in this scenario.

2 Action unlikely to take place in these habitats.
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Habitat: Flowing channels (e.g., Riffles, runs, glides, thalwegs)

General assumptions:
e Assume little to no significant amounts of submerged oil within these habitats
e Influenced by oil recovery activities upstream

e Less physical damage than previous years because more controlled boat ops in the river
and less cleanup activities overall

Resource Pathway | Risk

Category | Code(s) | Rank* Comments

Recovery Action: : Monitored Natural Attenuation *

Plants may be coated with oil residues mobilized by natural

Plants 4 4D
processes.
Oil passes through, coating fur. Likely a very short
Mammals 1,4 4D | exposure given the nature of the habitat (e.g., fast moving
waters).
Oil passes through, coating feathers. Likely a very short
Birds 1,4 4D | exposure given the nature of the habitat (e.g., fast moving
waters).
Amphibians/ This resource is more likely impacted from exposure to
: 12,4 4D . : -
reptiles oiled sediments mobilized from upstream sources.
Fish 124 4D Eggs deposﬁed_qn riffles may be affected by oiled
sediments mobilized from upstream sources.
Invertebrates | 1.2.4 4D Invertebrates may be exposed to oil residues in the water

column/oiled sediments mobilized from upstream sources.

Recovery Action: Enhanced Deposition Including Removal (e.g., dredging)?

Plants NA NA
Mammals NA NA
Birds NA NA
Amphlblans/ NA NA
reptiles

Fish NA NA
Invertebrates | NA NA

Recovery Action: Agitation Toolbox®

Aquatic plants in thalwegs and riffles affected by erosion

Plants 45 4D | from airboat wakes and bottom scraping. May be affected
by turbidity.
Oil remobilized into the water column passes through
Mammals 1,4 4D | coating fur. Likely a very short exposure given the nature

of the habitat (e.g., fast moving waters).

Oil remobilized into the water column passes through
coating feathers. Indirect effects may occur from increased
Birds 1,45 4D | suspended solids in the water column limiting capture of
prey, or from impacts on mussel beds. Likely a short
exposure given the dynamic nature of this habitat.
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Resource

Pathway

Risk

Category Code(s) | Rank* SIS

Amphibians/ 1245 4D Suspended solids/oil from upstream recovery activities

reptiles e may have temporary effects.
Suspended solids/oil from upstream recovery activities
may affect demersal eggs. Potential indirect effects may be

Fish 1245 3D caused b_y increased boat traffic. S_ome of t_hese o
assumptions are supported by the information provided in
Appendix B. Ongoing investigations associated with
Charge 4 may be used to reassess these evaluations.
Suspended solids/oil mobilized from upstream recovery
activities may affect benthic invertebrates. Potential
indirect effects may be caused by increased boat traffic.

Invertebrates | 1,2,4,5 3D | Some of these assumptions are supported by the
information provided in Appendix B. Ongoing
investigations associated with Charge 4 may be used to
reassess these evaluations.

Recovery Action: Dredging/ Vacuum Truck®

Plants NA NA

Mammals NA NA

Birds NA NA

Amphlblans/ NA NA

reptiles

Fish NA NA

Invertebrates | NA NA

Recovery Action: Dewater/ Excavate®

Plants NA NA

Mammals NA NA

Birds NA NA

Amphlblans/ NA NA

reptiles

Fish NA NA

Invertebrates | NA NA

Recovery Action: Sweep/push with agitation to sediment traps followed by recovery *

Plants

4,5

4D

Aquatic plants affected by erosion from airboat wakes and
bottom scraping from increased boat activity. May be
affected by increased turbidity because there will be no
attempts to contain suspended sediments.

Mammals

1,4

4D

Oil remobilized into the water column passes through,
coating fur. Likely a short exposure given the dynamic
nature of the habitat (e.g., fast moving waters). Disturbance
from increased boat activity.

Birds

1,4,5

4D

Oil remobilized into the water column passes through,
coating feathers. Indirect effects may occur from increased
suspended solids in the water column limiting capture of
prey, or from impacts on mussel beds. Likely a short
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Resource Pathway | Risk Comments
Category Code(s) | Rank*
exposure given the dynamic nature of the habitat (e.g., fast
moving waters). Disturbance from increased boat activity.
Amphibians/ Suspended solids/oil from upstream recovery activities
reptiles 1,2,45 3D may_have temporary effectg. Potential effects_ on turtle
feeding. Disturbance from increased boat activity.
Suspended solids/oil from upstream recovery activities
may affect demersal eggs. Potential indirect effects may be
Fish 1245 3D caused b_y increased boat traffic. S_ome of t_hese o
assumptions are supported by the information provided in
Appendix B. Ongoing investigations associated with
Charge 4 may be used to reassess these evaluations.
Suspended solids/oil mobilized from upstream recovery
activities may affect benthic invertebrates. Potential
indirect effects may be caused by increased boat traffic.
Invertebrates | 1,2,4,5 2C | Some of these assumptions are supported by the
information provided in Appendix B. Ongoing
investigations associated with Charge 4 may be used to
reassess these evaluations.
Recovery Action: Scraping®
Plants NA NA
Mammals NA NA
Birds NA NA
Amphlblans/ NA NA
reptiles
Fish NA NA
Invertebrates | NA NA
Recovery Action: Sheen collection
Plants 5 4D Physical damage from re:peated anchoring and staking of
sorbents and sorbent maintenance.
Physical disturbance of habitat use in work areas.
Mammals 5 4D N . . .
Mammals will likely avoid the area during operations.
. Physical disturbance of habitat use in work areas. Birds
Birds 5 4D A . . .
will likely avoid the area during operations.
Amphibians/ 5 4D Physical damage from repeated anchoring and staking of
reptiles sorbents and sorbent maintenance.
Physical disturbance of habitat use in work areas. Fish will
Fish 5 4D | likely avoid the area during operations. Bottom disturbance
by boat traffic in shallow water.
Physical disturbance of habitat use in work areas. Mobile
Invertebrates 5 4D | invertebrates will likely avoid the area during operations.

Bottom disturbance by boat traffic in shallow water.

* Based on the most detrimental pathway mechanism (in bold).
! From natural recovery (weathering and biodegradation) in places where submerged oil is not recovered

upstream.

22




2 Action unlikely to take place in these habitats.

% Agitation occurs relatively far upstream where most of the sedimentation occurs near the source, and
residues in the water column are diluted as the water moves downstream.
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Habitat: Depositional backwaters, pools, and side channels

General assumptions:

e Only receive substantial riverine through-flow during high-water events so natural re-
colonization rates may be slower
e Vary in their local water inputs (particularly groundwater), sediment types, and degrees
of connection to the river so microbial degradation potential and natural removal
processes vary
e Assume recovery action will take place over most of the habitat

Resource Pathway | Risk

Category | Code(s) | Rank* Comments

Recovery Action: Monitored Natural Attenuation

The primary resource of concern is likely floating and
emergent aquatic vegetation along the banks and mudflats.
The most likely exposure pathway is likely via coating of
remobilized oil residues.

Plants 1,24 4D

Mammals may dig for food in oiled sediments resulting in
direct oiling and facilitating the resuspension of residues
into the water surface, and increasing the likelihood of
oiling of fur. If this habitat comprises a small fraction of
their home range, their likelihood of exposure may be
relatively low.

Mammals 1,245 4D

Birds may search for food within oiled sediments resulting
in direct oiling and facilitating the resuspension of residues
into the water surface, and increasing the likelihood of
feather coating. If this habitat comprises a small fraction of
their habitat, their likelihood of exposure may be relatively
low.

Birds 1,245 4D

This habitat may be important for amphibians and reptiles.
Oil may accumulate in these areas posing chronic risks to
these resources. Slower oil weathering in low oxygen
environments also increases risk of exposure. Based on
analysis of toxicity test results and analytical chemistry,
toxicity from exposure to residual oil, particularly in
heavily oiled areas, cannot be conclusively ruled out
(Appendix A).

Amphibians/

- 1,245 3C
reptiles

These habitats may not be suitable for fish eggs (?), but
may be important habitats for juvenile rearing where
exposure can occur via mobilization of oil residues in water
and sediments. Slower oil weathering in low oxygen

Fish 1,245 3C | environments also increases risk of exposure. Based on
analysis of toxicity test results and analytical chemistry,
toxicity from exposure to residual oil, particularly in
heavily oiled areas, cannot be conclusively ruled out
(Appendix A).
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Resource
Category

Pathway
Code(s)

Risk
Rank*

Comments

Invertebrates

12,45

3C

Benthic macroinvertebrates are likely exposed via
mobilization of oil residues in water and sediments. Natural
deposition of oil in combination with slow biodegradation
may increase risk of exposure and cause chronic effects.
Based on analysis of toxicity test results and analytical
chemistry, toxicity from exposure to residual oil,
particularly in heavily oiled areas, cannot be conclusively
ruled out (Appendix A).

Recovery Action: Enhanced Deposition Including Removal (e.g., dredging)

Plants

1,2,3,4

Mammals

1,2,4,5

Assumes extensive removal of plants from the habitat prior
treatment. Recovery depends on the time required to fill
excavation plus the time need to reestablish in the sediment
bed. Need to determine if plant species are different from
those in Morrow Lake delta.

3D

Increased likelihood of exposure in deposition areas prior
to removal. Habitant disturbance and loss of habitat use
will likely occur during removal. Muskrats are herbivore
mammal and could be affected by vegetation removal/loss.

Birds

1,2,4,5

4D

Amphibians/
reptiles

1,2,3,45

Increased likelihood of exposure in deposition areas prior
to removal. Habitant disturbance and loss of habitat use
will likely occur during removal.

Fish

1,2,4,5

This habitat may be important for amphibians and reptiles.
There is a high degree of resource impact from oil
deposition and subsequent loss of habitat (e.g., depth, grain
size) during removal. Main effects on turtles, but not as
much of area affected as delta/impoundment.

3B

Invertebrates

12,345

These habitats may not be suitable for fish eggs (?), but
may be important habitats for juvenile rearing. Increased
likelihood of exposure in deposition areas prior to removal.
Habitat degradation results from removal of plants, which
provide shelter, and removal of prey by dredging/vacuum.
Their mobility may allow them to escape direct injury.
Plants provide important habitat so recovery is linked to
plant recovery. Some of these assumptions are supported
by the information provided in Appendix B. Ongoing
investigations associated with Charge 4 may be used to
reassess these evaluations.

Most macroinvertebrates may not be mobile enough to
escape injury during removal. Increased likelihood of
exposure in deposition areas prior to removal, and potential
changes in sediment quality and sediment properties. Influx
of organisms from adjacent waters is expected to drive
recovery. Plants provide important habitat, thus,
invertebrate recovery is linked to plant recovery. Mussels
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Resource Pathway

Category Code(s)
Plants 1,234
Mammals 1,2,45
Birds 1,245
Amphlblans/ 12345
reptiles
Fish 1,245

Risk

Rank*

Comments

are uncommon in these environments. Other
macroinvertebrates have relatively short life histories.
Ongoing investigations associated with Charge 4 may be
used to reassess these evaluations.

Recovery Action: Agitation Toolbox

3B

Loss of plants from physical removal prior to agitation.
Also sedimentation outside the footprint. Very high level of
impacts may occur as the indirect effects of agitation likely
cover areas beyond the footprint of the agitation site.

Coating of fur may occur as agitation facilitates the
distribution of sheens/globules on the water surface and in
the water column. The most likely impacts are associated
with disruption of food supply and habitat, with recoveries
likely associated with recovery of prey and vegetation. The
impacted habitat likely comprises a small fraction of their
home range; therefore, mammals can compensate for
changes in food supply by foraging in less
impacted/unimpacted habitats, if available within home
range. Ongoing investigations associated with Charge 4
may be used to reassess these evaluations.

Coating of feathers may occur as agitation facilitates the
distribution of sheens/globules on the water surface and in
the water column. Most likely impacts are associated with
disruption of food supply, with recoveries likely associated
with recovery of prey. The impacted habitat likely
comprises a small fraction of their home range; therefore,
birds can compensate for changes in food supply by
foraging in less impacted/unimpacted habitats. Ongoing
investigations associated with Charge 4 may be used to
reassess these evaluations.

These resources may be impacted as agitation facilitates
the distribution of sheens/globules on the water surface and
in the water column. The most likely impacts are
associated with disruption of food supply, with recoveries
likely associated with recovery of prey. Turtles are long-
lived. Some of these assumptions are supported by the
information provided in Appendix B. Ongoing
investigations associated with Charge 4 may be used to
reassess these evaluations.

The main resources of concern are juvenile fish and small
fish species. Fish may be impacted as agitation facilitates
the distribution of sheens/globules on the water surface and
in the water column. The most likely impacts are
associated with degradation their habitat (e.g., removal of
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Resource
Category

Pathway
Code(s)

Risk
Rank*

Comments

Invertebrates

12,345

plants) and alterations of food supply. Mobile life stages
are likely to avoid physical injury. Some of these
assumptions are supported by the information provided in
Appendix B. Ongoing investigations associated with
Charge 4 may be used to reassess these evaluations.

The main resources of concern are benthic species
associated with the substrate. Invertebrates are likely to be
physically impacted by agitation. Influx of organisms from
adjacent waters is expected. Plants provide important
habitat so recovery is linked to plant recovery. Some of
these assumptions are supported by the information
provided in Appendix B. Ongoing investigations associated
with Charge 4 may be used to reassess these evaluations.

Plants

3,5

Recovery Action: Dredging/ Vacuum Truck®

Mammals

Loss of plants from physical removal during treatment,
which could affect entire treatment area.

3D

The most likely impacts are associated with disruption of
habitat use and food supply. Recoveries are likely
associated with habitat recovery. The impacted habitat
likely comprises a small fraction of their home range;
therefore, mammals can compensate for changes in food
supply by foraging in less impacted/unimpacted habitats, if
available within home range.

Birds

Amphibians/
reptiles

3,5

The most likely impacts are associated with disruption of
habitat use and food supply. Recoveries are likely
associated with habitat recovery. The impacted habitat
likely comprises a small fraction of their home range; birds
can compensate for limited habitat degradation by using
similar habitats, if available within home range.

Fish

3,5

The most likely impacts are associated with disruption of
habitat use and food supply, though there could be
mortality by physical removal or damage during treatment.
Recoveries are likely associated with habitat recovery.

Invertebrates

3,5

The main resources of concern are juvenile fish and small
fish species. Fish unable to escape prior to excavation may
be physically impacted, but the most likely impacts are
associated with habitat loss.

I

The main resources of concern are benthic species
associated with substrates that are likely physically
impacted by dredging, which could affect entire treatment
area.

Recovery Action: Dewater/ Excavate

Plants

3,5

Impacts may be associated with access corridors and work
areas, as well as with physical removal of plants in the
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Resource Pathway | Risk
Category Code(s) | Rank*
Mammals 5
Birds 5
Amphlblans/ 35
reptiles
Fish 35 3B
Invertebrates | 3,5

Comments

entire treatment area.

The most likely impacts are associated with disruption of
habitat use and food supply. Recoveries are likely
as